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B HacTOHmett pa6oTe ccJjopMyjiHpoBaHa h pemena anajiHTHHecKH BTopaa 
aaflana CTOKca o noBeflfiunn paspeJKeHHoro rasa, sanojinaiomero nojiynpo- 
CTpaHCTBO. IljiocKOCTb, orpaHHHHBaiomaH nojiynpocTpancTBO, coBepmaeT rap- 
MOHHHecKHe KOJie6aHHa b CBoeit njiocKOCTH. HcnojibsyeTCH KiineTHHecKoe ypaB- 
HeHHe c Mo/];ejibHbiM HHTerpajioM cTOJiKHOBeHHit b 4)opMe T-Moj^ejin. PaccMaT- 
pHBaeTca cjiynaii flHcJjcJjysHoro OTpajKeHHH MOJieKyji rasa ot cTeHKH. ITocTpo- 
ena 4)yHKLi,HH pacnpe/iejieHHH rasoBbix MOJieKyji, HaHflena MaccoBaa CKopocTb 
rasa b nojiynpocTpancTBe, OTbicKHBaeTca ee SHaneHiie nenocpeflCTBeHHO y 
CTeHKH. HaiifleHa CHjia conpoTHBjieHHH, fleiicTByromaa co CTopoHbi rasa na 
rpaHHH;y, coBepmaK)n],yio b CBoeii hjiockocth KOJie6aTejibHoe flBHJKeHHe. Kpo- 
Me Toro, OTbicKHBaeTca MomnocTb flHCCHHaH;HH sneprHH, HpHxoflHn^aacH na 
eflHHHH;y Hjioma^H KOJieGjiromelicH HjiacTHHbi, orpaHHHHBaion^eH ras. 
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functions, expansion by eigenfunctions, collisional rarefied gas, boundary value 
Riemann problem, singular integral equation, 

PACS numbers: 05.20.Dd Kinetic theory, 47.45.-n Rarefied gas dynamics, 
02.30.Rz Integral equations. 



1 BBe/],eHHe 

Safla^a o noBefleHHH rasa n&p^ /],BH>KymeHCH noBepxHOCTbio b nocjie/i,- 
HHG roflbi npHBjieKaer npHcrajibHoe BKHManne [I] - [E]. 3to CBHsano c 

paSBHTHeM COBpeiVieHHblX TeXHOJIOrilli, B HaCTHOCTH, TeXHOJIOrHH HaHO- 

pasMepoB. B P] - |[IS] 3Ta sa^a^a pemajiacb HHCjieHHbiMH hjih npaSjiH- 
>KeHHbiMH MeroflaMH. B nacTOsimeH pa6oTe noKasano, hto era sa^a^a 
pfiuycKaeT aHajiHTHnecKoe pemeHne. AnajiHTHHecKoe pemeHHe CTpoHTC5i 
c noMombK) TeopHH o6o6meHHbix 4)yHKij,HH H CHHryji5ipHbix HHTerpajib- 
Hbix ypaBHeHHH. 
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B HacTOJ^meft pa6oTe nocTpoeno anajiHTHHecKoe pemeHne BTopoii 3a- 
flaHH CTOKca. Ha ocHOBe anajiHTHHecKoro pemeHHsi BhiHRCJi^ieTCii cko- 
pocTb rasa b nojiynpocTpancTBe h nenocpeflCTBeHHO y KOJieSjnomeiicj^ 
rpaHHii,bi, HaHflena CHjia TpeHH5i, fleiiCTByioinasi co CTopoHbi rasa na ko- 
jie6jiioni,yK)C5i njiacTHHy, a TaK>Ke HaxoflHTC5i /],HCCHnan,H5i sneprHH njia- 

CTHHbl. 

1.1 McTopHH npo6jieMt>i 

BnepBbie sa^ana o noBefleHHH rasa na^ CTeHKoii, KOJie6jiioni,eHC5i b 
CBoeft njiocKOCTH, 6bijia paccMOTpena JItk. F. Ctokcom p]. Sa^a^a pe- 
majiacb rHflpoflHHaMHHecKHM MeTOflOM 6es y^exa 34)4)eKTa CKOJib>Ke- 
HH5I. 06biHH0 TaKyK) sa^a^y HasbmaiOT BTopoii saflanefi CTOKca [2]-[S]- 

B nocjie^HHe roflbi na Teiviy stoh sa/],aHH no5iBHjiC5i psip^ ny6jiHKa- 
n,HH. B pa6oTe [2] sa^ana paccMaTpHBaeTC5i fljisi jiio6bix nacTOT ko- 
jie6aHH5i noBepxHOCTH. Hs KHHGTHHecKoro ypaBHGHHsi BFK nojiyneHO 
ypaBHeHHe THna rHflpo^HHaMHHecKoro. PaccMaTpHBaiOTCsi rHflpoflHHa- 

MHHeCKHe rpaHHHHbie yCJIOBHH. BbO^HTCSI K034)4)Hn,HeHT, CB5ISbIBaK)n],HH 

CKopocTb rasa na noBepxHOCTH co CKopocTbio noBepxHOCTH. HoKasaHO, 
HTO B cjiy^ae BbicoKOHacTOTHbix K0Jie6aHHH CHjia TpeHHH, ^eficTByiomaH 
Ha noBepxHOCTb, ne saBHCHT ot HacTOTbL 

B pa6oTe [10] nojiyHenbi K034)4)Hn,HeHTbi B5iSKOCTHoro h TenjiOBO- 
ro CK0Jib>KeHH5i c HcnojibsoBaHHeM pasjiHHHbix MOflejibHbix ypaBHeHHii. 
HcnojibsoBaHbi KaK MaKCBejiJiOBCKne rpaHHHHbie ycjiOBHH, Tax h rpa- 

HHHHbie yCJI0BH5I HepHHHbHHH — JlSMnHC. 

B CTaTbe [H] paccMaTpHBaeTC5i rasoBbiii hotok na/i, 6ecK0HeHH0H 
njiacTHHOH, coBepmaK)Lu,eH rapMOHHHecKHe K0Jie6aHHH b co6cTBeHHOH 
njiocKOCTH. HaHflena CKopocTb rasa n&p^ noBepxHOCTbio h CHjia, fleii- 
CTByK)LLi,a5i Ha noBepxHOCTb CO CTopoHbi rasa. fl,Ji5i cjiynaii hhskhx Ha- 
CTOT sa^a^a pemena na ochobg ypaBHeHHH HaBbe — CxoKca. fl,Ji5i npo- 
HSBOJibHbix CKopocTCH KOJieGaHHH noBcpxHOCTH sa^a^a pemena hhcjich- 
HbiMH MCTOflaMH Ha ocHOBC KHHCTHHecKoro ypaBHeHHH Bojibn,MaHa c 
HHTcrpajiOM CTOJiKHOBeHHH B (|)opMe BFK (BxaTHarap, Fpocc, Kpyx). 
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ripH 3T0M paCCMaTpHBajira TOJIbKO CJiyHaft HHCTO flHcJicJiysHoro OTpa- 

mewsi MOJieKyji ot noBepxHOCTH. JJ^ano aHajiHTHnecKoe pemeHne p^jisi 
cjiynaii K0Jie6aHHH bbicokoh HacTOTbi. 

Pa6oTa [12] 5iBji5ieTC5i SKcnepHMeHTajibHbiM HccjieflOBaHHeM. Hsy^a- 
eTC5i noTOK rasa, cosflaBaeMbift MexaHHHecKHM pesoHaTopoM npn pas- 
jiHHHbix HacTOTax KOJie6aHH5i pesonaTopa. 3KcnepHMeHTbi noKasbma- 
K)T, HTO npH HH3KHX HacTOTax K0Jie6aHHH pesoHaTopa, fleficTByioinasi na 
Hero CO CTopoHbi rasa CHjia Tpenw np5iM0 nponopn,HOHajibHa nacTOTe 
KOJie6aHH5i pesoHaTopa. Hpii bbicokhx HacTOTax KOJie6aHH5i pesonaTopa 
( 10^ Fn,) fleiicTByiomaH na Hero CHjia TpeHHH ot nacTOTbi K0Jie6aHHH 

He SaBHCHT. 

B HOCJieflHee BpeM5i sa^ana o KOJie6aHH5ix hjiockoh HOBepxHOCTH b 

C06CTBeHH0H HJIOCKOCTH H3yHaeTC5I H flJIH CJiyH&il HeHbKDTOHOBCKHX >KH/],- 

KOCTeii [5] H [B]. 

B CTaTbe 113] paccMaTpHBaeTCH npniviep npaKTHnecKoro HpHMeHeHHH 
KOJieGaTejibHOH CHCTeivibi, ho^oGhoh paccMaTpHBaeMoii bo BTopoft s&p^a- 
ne CTOKca, b o6jiacTH HanoTexHOJiorHH. 

06ni,HM cymecTBeHHbiM neflOCTaTKOM Bcex ynoMsinyTbix TeopeTH^e- 
CKHX pa6oT no pemeHiiio BTopoH sa^anH CTOKca 5iBji5ieTC5i OTcyTCTBHe 
yneTa xapaxTepa BsanMOfleiicTBHsi c noBepxHOCTbio, T.e. paccMaTpHBa- 
QTCii TOJIbKO cjiynaft nojiHoii aKKOMO^ar^HH TaHreHri,HajibHoro HMnyjibca. 

Ko34)4)Hn,HeHT aKKOMOflari,HH TaHreHri,HajibHoro HMnyjibca 5iBji5ieTC5i 
BejiHHHHoii, 3aBHC5ini,efi ot cocto5ihh5i noBepxHOCTH. H ecjiH b "ecTe- 

CTBeHHOM" C0CT0J5HHH SHaneHHe 3T0H BejIHHHHbl KaK npaBHJIO 6jIH3KO 

K eflHHHn,e, to npn cnen,HajibHOH o6pa6oTKe noBepxHOCTH ee SHaneHHe 
MO>KHO yMeHbniHTb MHoroKpaTHO [Hj, a SHanHT h cymecTBeHHO HSMe- 
HHTb xapaKTep BsaHMOfleiicTBHH noBepxHOCTH c npHjieraioni,HM rasoM. 

B flHccepTan,HH [TB] 6bijiH npe^jio^KeHbi pfia pemeHHH BTopoii sap^dMn 
CTOKca, yHHTbmaiomHe Becb bosmo^khbih flnanasoH K034)(|)Hn,HeHTa aK- 
KOMO/],an,HH TaHreHn,HajibHoro HMnyjibca. 9th pemeHH5i OTBenaiOT coot- 

BeTCTBeHHO rHflpOflHHaMHHeCKOMy H KHHeTHHeCKOMy OHHCaHHK) HOBe^e- 

HH5I rasa na/i, KOJie6jiioni,eHC5i noBepxHOCTbio b pe>KHMe co CKOJib>KeHHeM. 
B KOHn,e BTopoH rjiaBbi flHCcepTan,HH p£j npoBe^eHO conocTaBjieHHe c 
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pesyjibTaTaMH, nojiyHenHbiMH b CTaTbe [11]. 

B HaniHx pa6oTax [T7] h [IH] p^ji^i BTopoii sa^aHH CTOKca OTbicKHBa- 
K)TC5i co6cTBeHHbie 4)yHKi],HH H cooTBeTCTByioiuHe co6cTBeHHbie SHane- 
HH5I, OTBenaioiuHe KaK flHCKpeTHOMy, Tax h nenpepbiBHOMy cneKTpaM. 
HccjieflOBana CTpyKTypa ^HCKpeTHoro h nenpepbiBHoro cneKTpoB. Pe- 
mena KpaeBasi sa^a^a PniviaHa h3 TeopHH 4)yHKii,HH KOMnjieKCHoro ne- 
peMeHHoro, jie>Kama5i b ocHOBe anajiHTHHecKoro pemeHHa BTopoft sa^a- 
HH CTOKca. Pa3BHBaeTC5i MaTeiviaTHHecKHH annapaT, HeoSxo^HMbiH ^jih 
aHajiHTHHecKoro pemenw sa^aHH h npHjio>KeHHH. 

B HacT05imeH pa6oTe ctpohtch anajiHTHHecKoe pemenHe BTopoii sa- 
flaHH CTOKca. Ha ocHOBe aHajiHTHnecKoro pemeHHa BbiHHCji5ieTC5i cko- 
pocTb rasa b nojiynpocTpancTBe h nenocpeflCTBeHHO y KOJie6jiiomeHC5i 
rpaHHii,bi, HaHflena CHjia TpeHHH, fleHCTByK)ma5i co CTopoHbi rasa na ko- 
jie6jiK)n],yK)C5i njiacTHHy, a TaK>Ke Haxo^HTCH /],HCCHnan,HH sneprHH njia- 

CTHHbl. 

1.2 Co^ep:a<:aHHe pa6oTbi 

B n. 2 paccMaTpHBaeTCH nocTanoBKa BTopoft sa^aHH CTOKca. Sa^a^a 
4)opMyjiHpyeTC5i b o6ni,eH nocTanoBKe — c HcnojibsoBaHHeM rpaHHHHbix 
ycjiOBHH MaKCBejiJia (sepKajibHO - flH(|)4)ysHbix rpaHHHHbix ycjiOBHii). 
flajiee sa^a^a 6yfleT paccMaTpHBaTbcsi TOjibKO p^jisi flH4)4)ysHbix rpa- 

HHHHblX yCJIOBHH. 

B KanecTBe KHHeTHnecKoro ypaBHeHHH paccMaTpHBaeTca jinneapH- 
soBaHHoe KHHeTHHecKoe ypaBHeHHe. 3to ypaBHeHHe nojiyHaeTCsi nyxeivi 
jiHHeapHsan,HH MOflejibHoro KHHeTHHecKoro ypaBHeHHH Bojibri,MaHa h 
HHTerpajiOM CTOJiKHOBeHHii B 4)opMe pejiaKcan,HOHHOH r-MO/],ejiH. 

rijiacTHHa (njiocKOCTb), orpaHHHHBaiomasi nojiynpocTpancTBO c pas- 
pe>KeHHbiM rasoM coBepmaeT K0Jie6aTejibHbie p^BnyKenw B^ojib ocii y. B 

KaHGCTBG rpaHHHHblX yCJIOBHH HCnOJIbSyK)TC5I /],Ba yCJI0BH5I. OflHO HS HHX 

— rpaHHHHoe ycjiOBHe B^ajiH ot CTeHKH — TpeGyeT HCHesaHHsi 4)yHKn,HH 
h{xi, fi) Bfl^ajiR OT CTGHKH. BTopoe ycjiOBHe — ycjiOBHe na CTeHKe — bbi- 
TexaeT hs Tpe6oBaHH5i /],H4)4)ysHoro OTpa>KeHHH MOJieKyji ot CTeHKH. 
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Tpe6yeTC5i onpeflejiHTb ^jHKu^mK) pacnpeflejienHii rasoBbix MOJieKyji, 
HaiiTH CKopocTb rasa b nojiynpocTpancTBe h nenocpeflCTBeHHO y CTen- 
KH, HaiiTH CHjiy TpennH, fleHCTByK)m;yK) co CTopoHbi rasa na HjiacTHHy, 
HaiiTH Moni,HOCTb flHCCHnan,HH aneprHH njiacTHHbi. 

B H. 3 KHHCTHHecKoe ypaBHenne yHpon],aeTC5i nyTeM npeflCTaBjienHH 
4)yHKu;HH pacnpeflejieHHii b BH^e npoHSBefleHHii y-KOMHoneHTbi CKopo- 
CTH MOJieKyji rasa na HOByio neHSBecTHyio 45yHKLi;Hio. HpH stom no- 
jiy^aeTCii oflHonapaMeTpH^ecKoe ceMeftcTBO KHHeTH^ecKHx ypaBHenHft 
c HHCTO MHHMbiM napaMeTpoM. HapaMeTpoM ypaBHeniiii cjiyjKUT 6e3- 
pasMepnafl Bejin^HHa nacTOTbi K0Jie6aHHH njiacTHHbi. 3Ta Bejin^HHa 
ui = u/iy = LOT paBHa HacTOTe K0Jie6aHHH njiacTHHbi w, flejieHHoii 
Ha BejiHHHHy nacTOTbi rj CTOJiKHOBeHHii MOJiexyji rasa, r = l/v - BpeMH 
MejKfly flByMH nocjieflOBaTejibHbiMH CTOJiKHOBeHHHMH MOJieKyjibi. 

B n. 3 npuBOfliiTCii co6cTBeHHbie pemeHHii (nenpepbiBHbie MOflbi) hc- 
xoflHoro KHHeTH^ecKoro ypaBHenHii, OTBeHaionj;He nenpepbiBHOMy h ^hc- 
KpeTHOMy cneKTpaM. Bbo^htch K034)(|)HD;HeHT sap^a^n. Hop, ko34)4)hli,h- 
eHTOM G{fi) sa^aHH noHHMaeTC5i OTHomeHHe rpaHHHHbix snanewPi ^hc- 
nepcHOHHOH 4)yHKn,HH CBepxy h CHHsy na fleiiCTBHTejibHOH och: G{fi) = 

(fj,) / X~ (fj,) . BbMCHHeTCH, HTO cymecTByeT KpHTHHecKaa nacTOTa 



TaKa5i, HTO npH ui G [0,cj^) HH^eKC K034)4)Hn,HeHTa 3a/],aHH paBen e^H- 
HHD,e: x(G) = 1, a npn cji G (a;^,+oo) HHfleKC K094)4)HLi,HeHTa sa^aHH 
paBen nyjiio: x(G) = 0. TaKHM o6pa30M, ecjiH cji naxoflHTCii b nepBOM 
(jieBOM) pernoHe, to flncnepcH0HHa5i d^yHKu^nsi HMeeT ^Ba KOMnjieKCHO - 
SHa^Hbix HyjiH, OTjiH^aiomHxcii jinnib snaKaMH b cnjiy ^eTHOCTH ^Hcnep- 
CHOHHoit (J)yHKLi;HH. EcjiH napaMeTp ui Haxop^nTCsi bo BTopoM (npaBOM) 
pernoHe, to i^np^eKC 3a;],aHH paBen Hyjiio, T.e. ^HcnepcHOHHasi 4)yHKD;H5i 
KOMnjieKCHO - SHaHHbix Hyjieii ne HMeeT. 

B H. 4 H H. 5 CTpoHTCH anajiHTHHecKoe pemeHne nocTaBjieHHoi! rpa- 
HHHHoii sa^aHH. PemeHne Hnj;eTC5i b bh^c cyMMbi co6cTBeHHOH ;];HCKpeT- 

HOil MOflbl, yMHOJKeHHOil Ha HenSBeCTHyiO HOCTOHHHyiO (K094)4)HH;HeHT 

flHCKpeTHoro cneKTpa) h HHTerpajia ot co6cTBeHHbix HenpepbiBHbix mo/i;. 



cj? = max 

0</u<+oo 
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yMHOJKeHHbix Ha nensBecTHyio 4)yHKLi;Hio (K094)(^HD;neHT nenpepbiBHoro 
cneKTpa). 9to pasjiojKeHne pemenHH, aBTOMaTH^ecKH yflOBJieTBopiiio- 
mee rpaHHHHOMy ycjiOBHio bjiojih ot ctchkh, no/],CTaBji5ieTC5i b rpaHHH- 
Hoe ycjiOBHG Ha CTeHKe. 

HojiyHaeTCH CHHryjiapnoe HHTerpajibHoe ypaBHeHne c ^ppoM Komn. 
HyTeM BBefleHHH Hen3BecTHoii 4)yHKLi;HH (THna HHTerpajia KoniH) chh- 
ryjiiipHoe ypaBHenne CBOflHTCH k HeoflHopoflHoft KpaeBoii saflane PHMa- 
Ha, cooTBeTCTByioinaii oflHopoflnaii sa^ana KOTopoii paccMOTpena Bbime. 

PemeHHe Heo;];HopoflHoii KpaeBoft sa^aHH PHMana HmeTCH b Kjiac- 
ce HcnesaiomHx b 6ecK0HeHH0 y^ajieHHOH TO^Ke 4)yHKij,HH b cjiynae 
x{G) = 1, H b Kjiacce orpaHHHeHHbix b 6eK0HeHH0 yflajieHHoii TOHxe 
4)yHKi],HH B cjiynae = 0. 

C noMOinbio pemeHHH sa^aHH FuMana naxofliiTCii K094)(J)HLi;HeHTbi 
pa3Jio>KeHH5i pemeHHii HcxoflHoii KpaeBoii sa^aHH, OTBenaiomHe ^HCKpeT- 
HOMy H HenpepbiBHOMy cneKxpaM. 

AnajiHTHHecKoe pemeHne nocTpoeno. 

B n. 6 HaxoflHTC5i CKopocTb pa3pe>KeHHoro rasa b nojiynpocTpancTBe 
H HenocpeflCTBGHHO y ctghkh. CymecTBGHHO HcnojibsyeTCH HHTerpajib- 
Hoe npeflCTaBjieHHe 4)yHKi],HH 4)aKTopH3yK)iii,eH 4)yHKi],HH h o6paTHOH k 
Heii BejiHHHHbi. 

3aTeM B n. 7 HCCJieflyeTCH rn;];poflHHaMHHecKHii xapaKxep pemeHHii. 
IIoKasaHO, HTO npn Majibix CKopocTiix orpaHHHHBaionj;eH ras hjiockocth 
pemenne sa^aHH nepexo^HT b HSBecTHoe pemenHe h3 MexanHKH cnjiom- 

HOH cpe/i,bi. 

B n. 8 Haxofl5iTca CHjia TpeHHH, fleiicTByiomaH co CTopoHbi rasa na 
njiacTHHy, h Mon],HOCTb flHCCHnaLi,HH sneprHH njiacTHHbi. 

2 JlHHeapH30BaHHoe KHHeTHHecKoe ypaBHeHne ^Jia 

aa^aHH o KOJie6aHHax rasa 

IlycTb paspejKeHHbiii oflHoaTOMHbift ras sanHMaeT nojiynpocTpancTBO 
X > Hafl njiocKoii TBepfloft noBepxHOCTbio, jiejKameii b njiocKOCTH 
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X = 0. HoBepxHOCTb (i/, z) coBepmaeT rapMOHH^ecKHe KOJie6aHH5i Bflojib 
OCH y no saKony Us{t) = Uq cos cut. 

PaccMOTpHM jiHHeapHSOBaHHoe KHHeTHHecKoe ypaBHeHHe 



B (1.1) u = 1/r - nacTOTa CTOJiKHOBenHft rasoBbix MOJieKyji, r - 
BpeMH ueyKflj pfiym^i nocjie;];oBaTejibHbiMH CTOJiKHOBeHHHMH MOJiexyji, 
m - Macca MOJieKyjibi, k - nocT05iHHa5i Bojibij,MaHa, T - TeivinepaTypa 
rasa, Uy{x) - MaccoBaa CKopocTb rasa, 



n - HHCJiOBaa njiOTHOCTb (K0Hn,eHTpaLi,H5i) rasa. KoHn,eHTpan,H5i rasa h 
ero TGMnepaTypa c^HxaiOTCH nocTOiiHHbiMH b jiHHeapHSOBaHHofi nocTa- 
HOBKe sa^aHH. 

BBefleM 6espasMepHbie CKopocTH h napaMeTpbi: 6espa3MepHyio cko- 
pocTb MOJieKyji: C = y/^v (/3 = m/{2kT)), 6espa3MepHyio Macco- 
Byio CKopocTb Uy{x,t) = \/^Uy{x,t), 6espasMepHoe BpeMH ti = i^t h 
6espasMepHyio CKopocTb K0Jie6aHHH njiacTHHbi Us{t) = Uocosut^ r^e 
Uq = y^UQ - GespasMepnaa aMnjiHTy^a CKopocTH K0Jie6aHHH rpann- 
D;bi nojiynpocTpancTBa. Tor^a ypaBHenne (1.1) MOJKeT 6biTb sanncano b 
BHfle: 



SaMeTHM, HTO fljiH 6espasMepHoro BpeMenn Us{ti) = ?7o coscjiti. 

B sa^a^e o KOJie6aHH5ix rasa Tpe6yeTC5i naiiTH (J)yHKD;Hio pacnpe^e- 
jieHHH /(xi,ti,C) rasoBbix MOJieKyji. OyHKD;H5i pacnpeflejienHii CBsana 
c 4)yHKLi,HeH ip{xi,ti,Cx) cooTHomeHHeM: 






(1.2) 




(1.3) 




(1.4) 



rfle 




ecTb a6cojiiOTHbiH MaKCBejijinaH. 
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3aTeM Ha ocHOBanHH naiifleHHoii 4)yHKLi;HH pacnpeflejieHHH Tpe6yeT- 
C5I HaiiTH MaccoByio CKopocTb rasa, SHa^enne MaccoBoii CKopocTH ra- 
sa HenocpeflCTBeHHO y CTeHKH. KpoMe Toro, Tpe6yeTC5i BbmncjiHTb ch- 
jiy conpoTHBjieHH5i rasa, fleiiCTByiomyio na KOJie6jiioinyK)C5i njiacTHHy, 
orpaHHHHBaiomyK) ras. HoflHepKHeM, hto sa^ana o KOJie6aHH5ix rasa 
pemaeTCH b jiHHeapnsoBaHHoii nocTanoBKe. JlHHeapH3aLi,H5i sa^a^H npo- 
Be^ena no 6espasMepHoii MaccoBoft CKopocTH Uy{xi,ti) npn ycjiOBHH, 
HTO \Uy{x,ti) \ <C 1. 9to HepaBencTBO SKBHBajieHTHO nepaBencTBy 

\Uyixi,ti) \ < Vt, 

Ffl^e vt = I/a/^ ~ TenjiOBaa CKopocTb MOJiexyji, HMeiomaH nop5i/],OK cko- 
POCTH SByKa. 

BejiHHHHy 6espasMepHoii MaccoBoft CKopocTH Uy{ti,xi) naiifleM hs 
ee onpeflejieHHii (1.2) 

Uy{xi, ti) = -^J exp(-C2)a,^(xi, ti, C)£C. (1.5) 

C noMonj;bio (1.5) KHHeTH^ecKoe jiHHeapusoBaHHoe ypaBHenne (1.3) 
sanHCbiBaeTCii b Bn^e: 

|^ + C,^ + ^(xi,ti,C) = ^ / ^M-C'')C'y^ixi,h,C')d'C'. 

(1.6) 

C4)opMyjiHpyeM sepKajibHO-flH4)(J)y3Hbie rpanHHHbie ycjiOBHH, sann- 
caHHbie OTHOCHTejibHO 4)yHKLi;HH (^(xijti, C): 

^(0,ii,C) = 2gCyt/,(ii) + (l-g)(^(0,ti,-C„C„C,), > 0, (1.7) 

(^(xi ^ +oo,ti,C) = 0. (1.8) 
HxaK, rpaHHHHaii sa^ana o KOJie6aHH5ix rasa c4)opMyjiHpoBaHa noji- 

HOCTbK) H COCTOHT B pemeHHH ypaBHeHHil (1.6) C rpaHHHHblMH yCJIOBH- 
5IMH (1.7) H (1.8). 

Otmgthm, hto k Bbipa>KeHHK) (1.5) fljia GeapasMepHoii MaccoBOii cko- 

POCTH MO>KHO npHflTH, HCXOflH HS OnpeflejieHHH paSMepHOH MaCCOBOH 
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CKopocTH rasa (1.2). B caMOM ^ejie, noflCTBji5i5i b (1.2) Bbipa>KeHHe (1.4), 

npHXOflHM B TOHHOCTH K Bbipa>KeHHK) (1.5). 



3 ^eKOMno3Hii,Ha rpaHHHHoii 3a/],aHH 

y^HTblBaSI, HTO KOJie6aHH5I njiaCTHHbl paCCMaTpHBaiOTC5I BflOJIb OCH 

y, 6yfleM HCKaTb, cjie^ysi HepHHHbHHH [IS], (J)yHKi],HK) (p{xi, ^i, C) b BH^e 

ifixi,h,C) = CyH{xi,h,C,). (2.1) 
Tor/],a GespasMepnasi MaccoBasi CKopocTb (1.5) c noMombio (2.1) paBHa 



oo 



Uy{xi,h) = ^ J eM-C'^)H{x,M.C',)dC'^. (2.2) 

— oo 

C noMombK) yKasaHHOH Bbime noflCTanoBKH (2.1) KHHeTHnecKoe ypaB- 
HeHHe (1.6) npeo6pa3yeTC5i k BH^y: 

oo 

^ + c,^ + //(xi,ii,a) = -^ j exp(-c^)//(xi,ti,c;)(ic;. 

— oo 

(2.3) 

rpaHHHHbie ycjiOBHH (1.7) h (1.8) npeoSpasyiOTCH b cjie/],yK)mHe: 
//(O, C) = 2qU,{h) + (1 - q)H{{), -C,), > 0, (2.4) 

H{xi +oo,ti,C^) = 0. (2.5) 

CjieflyiomHM maroM oflHOBpeivieHHO ocymecTBiiM K0MnjieKCH4)HKaLi,HK) 
KHHGTHHecKoro ypaBHeHHH H BbiflejiHM BpeivieHHyK) nepeivieHHyK), nojio- 
>KHB /],ajiee: 

H{xi, ti, C) = Re {e-'^^'^h{xi, C,)} (2.6) 

H 
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Tenepb mm nojiy^aeM KOMnjieKCHO-sna^Hoe ypaBHeHne (ypaBHeHne 

OTHOCHTejIbHO KOMnjieKCHO-SHa^HOH (J)yHKLi;HH Cx))'- 



00 



a|^ + (l-za;i)/i(xi,a) = ^ / exp(-C^)/i(xi,C;)dC;. (2.7) 
OXl y/n J 



— oo 



FpaHH^Hbie ycjiOBHH (2.4) h (2.5) nepexoj\5iT b cjie;];yK)iii;He: 

/i(0, a) = 2gt/o + (1 - g)/i(0, -C,), > 0, (2.8) 

/i(a;i ^ +00, C^) = 0. (2.9) 
Tor^a 6e3pa3MepHa5i MaccoBaii CKopocTb paBna: 

oo 

Uyih, xi) = ^ J exp(-C^) Re {e--^*^/i(xi, C'^)}dC'^. (2.10) 

— 00 

Mbi nojiy^HjiH rpaHHHHyio sa^any, cocTOiimyio b pemeHHH ypaben- 
HH5I (2.7) c rpaHHHHbiMH ycjiOBHiiMH (2.8) H (2.9). ^ajiee 6yfleM paccM- 
TpHBaTb saflany c flH4)45y3HbiMH rpaHHHHbiMH ycjiOBHiiMH. IlepenHmeM 
rpaHHHHyio sa^a^y (2.7), (2.8) h (2.9) b BH^e: 



oo 



dh 1 f 

II- \- zoh(xi, jj) = —= / exp(-ij.' )h(xi,ii')diJ,', (2.11) 

OXl Vtt J 

— oo 

rfle 

= 1 - 

/i(0,/i) = 2[/o, II >0, (2.12) 

/i(+oo,//) = 0. (2.13) 

Pasflejienne nepeMennbix b ypaBHGHHH (2.11) ocyii],ecTBji5ieTC5i cjie- 
flyiomeii no^CTaHOBKoii 

h,ixi, ii) = exp ( - ^) $(t/, /i), (2.14) 
rfle 77 - napaMexp pasflejieHHii, hjih cneKTpajibHbiii napaMexp, BOo6iii;e 

rOBOpH, KOMnjieKCHblH. 
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no/],CTaBji5i5i (2.14) B ypaBHeHHe (2.11) nojiyHaeM xapaKTepncTHHe- 
CKoe ypaBHeHHe 



oo 

(t] - /i)$(r/, /i) = J exp(-^'^)$(r/, ^V^'. (2.15) 

— oo 

ECJIH BBeCTH o6o3HaHeHHe 

oo 

n{r]) = — / exp(— /i'^)$(?7, /i')(i/i', (2.16) 
zo J 

— oo 

TO ypaBHeHHe (2.15) MO>KeT 6biTb saHHcano c HOMom^bio (3.6) b BH^e 

(t] — li)^{r], n) = —=r]n{r]), 77 G C. (2-17) 

'7T 



PemeHHe xapaKTepHCTHHecKoro ypaBHenna ^jih fleftcTBHTejibHbix sna- 
HeHHH HapaivieTpa 77 6yj\eM HCKaTb b npocTpancTBe o6o6ni,eHHbix 4)yHK- 
H,HH [6]. 06o6ni,eHHoe penienne ypaBHeHH5i (2.17) npn 71(77) = 1 HMeeT 
BHfl: 

$(7/, 11) = -^r]n{r])P^— + e''" X{r])5{r] - /i), (2.18) 
Vtt 7/ - /i 



r^e —00 < 7/, /i < +00. 

3/],ecb 6{x) - /],ejibTa-(|)yHKii,H5i /^npaKa, chmboji Px^^ osHanaeT rjiaB- 
Hoe SHaneHHe HHTerpajia npn HHTerpHpoBaHHH X{z) - flHcnepcH- 
0HHa5i 4)yHKij,HH, BBe^eHHaH paBencTBOM 



X{z) = 1 — iuji + 



00 

z f exp(— r^)(ir 



IT J T — Z 

—00 



9Ty (|)yHKi],HK) MO>KHO npeo6pa30BaTb k BH^y: X{z) = —iui + Xo{z), r^e 

Xo{z) - H3BeCTHa5I 4)yHKI],H5I H3 TeopHH njia3Mbi, 

00 2 

A„(.) = ^ / 2::^. 

VTT J T — Z 

—00 

Co6cTBeHHbie 4)yHKI];HH (2.18) Ha3bIBaK)TC5I C06cTBeHHbIMH 4)yHKI],H- 

5IMH HenpepbiBHoro cneKTpa, h6o cneKTpajibHbm napaivieTp 7/ nenpepbiB- 
HbiM o6pa30M 3anojiHHeT bckd ;],eHCTBHTejibHyK) npsiMyio. 
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TaKHM o6pa30M, co6cTBeHHbie pemeHHH ypaBHeHHH (2.11) HMeiOT bh^ 

(X\ \ 1 1 
zo) -^r]P hexp(r/2)A(r/)(5(r/-/i) . (2.19) 
T] J L i/7r T] — ^ J 

Co6cTBeHHbie pemeHHH (2.19) OTBGHaiOT nenpepbiBHOMy cneKTpy xa- 
paKTepHCTHHecKoro ypaBnenHH, h6o cneKTpajibHbift napaivieTp nenpe- 
pbiBHbiM o6pa30M npo6eraeT bckd HHCjiOByio npsiMyio, T.e. HenpepbiBHbiH 
cneKTp Gc ecTb bc5i K0HeHHa5i HacTb HHCJiOBOH npHMOH: Gc = (— oo, +oo). 

Ho ycjiOBHK) sa^aHH mbi nmeivi pemeHne, neBOspacTaiomee B^ajiH ot 
CTeHKH. riosTOMy flajiee 6y/],eM pacciviaTpHBaTb nojiojKHTejibHyio HacTb 
HenpepbiBHoro cneKTpa. B stom cjiy^ae coGcTBeHHbie pemeHiM (2.19) 

5IBJIHK)TC5I HCHeSaiOmHMH BflajIH OT CTeHKH. B CB5I3H C 3THM CHeKTpOM 

rpaHHHHOH saflaHH 6yj\QM nasbmaTb nojio^KHTejibHyio fleficTBHTejibHyio 
nojiyocb napaivieTpa r/: (jP™^^^™ = (0,+oo). 

npHBe/],eM 4)opMyjibi Coxoi],Koro ^jih /],HcnepcHOHHOH 4)yHKi],HH: 



A±/ N ^ ■ r- -/y2 . I f e rdr 



'TT J T — IX 


PasHOCTb rpaHH^Hbix snaHeHHii flHcnepcHOHHoii 4)yHKi^HH OTCiOfla paB- 



Ha: 



2 

A+(/i) - A"(;u) = 2v^/ie"^ 
nojiycyMMa rpaHHHHbix SHaHeHHH paBHa: 

oo 

A+(/x) + A-(/i) 1 fe-^Tdr 

= -^cJi + — / . 

2 J T - 11 



SaMeTHM, HTO Ha fleiiCTBHTejIbHOH OCH fleftCTBHTejIbHaSI HaCTb flHC- 

nepcHOHHoii 4)yHKi],HH Ao(;U-) HMeeT flBa Hyji5i ±/io, ^u-o = 0.924 • • • . 9th 
flBa Hyjia B CHjiy neTHOCTH (|)yHKH,HH Ao(/i) pa3JiHHaiOTC5i jiHHib snaxa- 

MH. 

OTMeTHM, HTO Ha flGHCTBHTejIbHOH OCH flHCHepCHOHHyiO 4)yHKH,HK) 

yfloSnee HCHOJibsoBaTb b HHCJiennbix pacHCTax b bh^c (cm. f23]) 

1 

Ao(/i) = 1 — 2/i^ y exp(— ;U^(1 — t^))dt, /i G (— oo, +oo). 
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Pa3Jio>KHM flHcnepcHOHHyio 4)yHKii,HK) B p5ifl JTopaHa no OTpHii,aTejib- 
HbiM CTeneHHM nepeMeHHoro z b OKpecTHOCTH 6ecK0HeHH0 y^ajieHHoft 
tohkh: 

1 3 15 

X[z) = -^^,- — - — - — z^oo. (2.20) 

Hs pa3jio>KeHHH (2.20) bh^ho, hto npn Majibix SHaneHHsix ui ^Hcnep- 
CHOHHaa 4)yHKi],H5i HMeeT flBa OTjiHHaiomHecH jiHinb snaKaMH KOMnjieKCHO- 
snaHHbix nyjiH: 

I (0). X 1 + ^ 

±% (wi) = 



OTCiOfla BHflHO, HTO npH cji — > o6a nyjisi flHcnepcHOHHoft 4)yHKii,HH 
HMeiOT npe^ejiOM Oflny 6ecK0HeHH0 yflajieHHyio TOHKy 77^ = 00 KpaTHO- 
CTH (nop5iflKa) flBa. 

Hs pa3Jio>KeHH5i (2.20) bh^ho Tax >Ke, hto SHaneHHe flHcnepcHOHHoii 
4)yHKLi,HH B 6ecK0HeHH0 y^ajieHHOH TOHKH paBHo: 

A(oo) = —iioi. 

BBej\eM Bbi/],ejieHHyK) nacTOTy K0Jie6aHHH njiacTHHbi, orpaHHHHBaio- 
mefi ras: 

= max \ -Xliu) + s^iu) ^ 0.733. 

3Ty nacTOTy K0Jie6aHHH 6y/],eM nasbiBaTb KpumuuecKou. 

B IdB] noKasano, hto b cjiynae, Kor^a nacTOTa K0Jie6aHHH njiacTH- 

Hbl MGHbine KpHTHHeCKOH, T.e. npH ^ U < HHfleKC 4)yHKII,HH 

G{t) paBeH eflHHHi],e. 3to osHanaeT, hto hhcjio KOMnjieKCHO-snaHKbix 
Hyjiefi flHcnepcHOHHOH 4)yHKii,HH b paspesaHHOH KOMnjieKCHoii hjiocko- 

CTH C paSpeSOM B^OJIb /],eHCTBHTejIbHOH OCH, paBHO AByM. 

B cjiynae, Kor^a nacTOTa K0Jie6aHHH njiacTHHbi npeBbimaeT kphth- 
HecKyio [u > ul) HH/],eKC 4)yHKii,HH G{t) paBGH HyjiK): x(G) = 0. 3to 
osHaHaeT, hto /],HcnepcH0HHa5i 4)yHKii,H5i ne HMeeT Hyjiefi b BepxHen h 
HHJKHeii nojiynjiocKOCT5ix. B stom cjiynae ^HCKpeTHbix (nacTHbix) pe- 
meHHH HCxoflHoe KHneTHHecKoe ypaBHeHHe (3.1) He HMeeT. 

TaKHM o6pa30M, /],HCKpeTHbiH cneKTp xapaKTepHCTHHecKoro ypaB- 
HeHH5i, cocT05in],HH H3 HyjieH /],HCHepcHOHHOH (|)yHKH,HH, B cjiyHae ^ 
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cji < u)l ecTb MHOiKecTBO H3 flsyx ToneK (7d{cJi) = {r]o{u)i), —r]o{ijJi)}. 
ITpH ui > u)l flHCKpeTHbiH cneKTp — 9T0 nycToe mho^kgctbo. Hpn 
^ cji < cj]' co6cTBeHHbiMH (|)yHKi];H5iMH xapaKTepHCTH^ecKoro ypas- 
nenw j^bjihiotch cjie^yiomHe ^Ba pemeHHH xapaKTepncTHHecKoro ypaB- 
HeHH5i: 

$(±770(^1),/^) = 



H j\BQ. cooTBeTCTByiomHx co6cTBeHHbix pemeHHH HCxo^Horo xapaKTepH- 
CTHHecKoro ypaBHeHHH (2.11): 

±^0(^1) 



Ilofl rio{uJi) 6yfleM noHHMaTb tot h3 nyjieii flHcnepcuoHHoii 4)yHKLi;Hn, 
KOTopbiH o6jiaflaeT cbohctbom: 

^ 1 — iuji 

Re — > 0. 

/],ji5i 9Toro HyjiH y6biBaioiii;ee co6cTBeHHoe pemenHe KHHeTH^ecKoro ypaB- 
HeHHH (3.1) HMeeT bh^ 

/i7?o(a;i)(^b /^) = ^ exp -— 1 — — . 

3to osna^aeT, mto flHCKpeTHbiii cneKTp paccMaTpHBaeMoft rpaHHHHoft 
3a/];aHH coctoht h3 o^hoh tohkh q-^^^^^^^ = {7^0(0;]^) } b cjiy^ae < Ui < 
ojI- IIpH cji — )• 06a HyjiH, KaK y>Ke yKasbiBajiocb Bbime, nepeMeinaiOTC5i 
B OflHy H Ty >Ke 6ecK0HeHH0 y^ajieHHyio TOHKy. 9to snaHHT, hto b stom 
cjiy^ae flHCKpeTHbiii cneKTp xapaKTepncTHHecKoro ypaBHeHHH coctoht 
H3 oflHoii 6ecK0HeHH0 yflajiCHHOH tohkh KpaTHOCTH flBa: (7^(0) = rji = 00 
H iiBjiHCTCii npHCoeflHHeHHbiM K HcnpepbiBHOMy cncKTpy. 9tot cncKTp 
iiBjiHCTCii TaK^KC H CHCKTpoM paccMaTpHBacMOH rpaHHHHOH sa^a^H. Ofl- 
HaKO, B 9T0M cjiy^ac flHCKpcTHbix (^acTHbix) pemeHH5i pOBHO flBa: 

/ii(xi,//) = 1, h2{xi, 11) = Xi - II. 
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4 AnajiHTHHecKoe pemeHHe rpaHHHHoii sa^ann. 
Hn^eKc 3a^aHH paBen nyjiio 

CocTaBHM o6inee pemeHHe ypasHeHHsi (2.11) b Bnpfi HHTerpajia no 
HenpepbiBHOMy cnexTpy ot co6cTBeHHbix pemeHHii: 

00 

hixi,ii)= I exp ( -— zo ) —F^'qP \-ex])(T]'^)X(T])6(T]—iJ,) a(T])dT], 

J \ 7] JVyJ-K IJ-fl J 



(3.1) 

HJIH, KpaTKO, 

oo 

h{xi, ijl) = J exp(^ - —zo^^{t], ii)a{r])dT]. (3.2) 



Sflecb ^{ij^fi) - co6cTBeHHbie 4)yHKLi;HH xapaKTepncTHHecKoro ypaBne- 
HHH, OTBeHaionj;He nenpepbiBHOMy cncKTpy h e;];HHHHHOH HopMnpoBKC, 

^{r],ii) = A='nP — h exp(r]'^)X(r])6(r] - ii) 

a{rf) - HeH3BecTHa5i 4)yHKH,H5i, OTBe^aion];a5i nenpepbiBHOMy cneKTpy. 

9Ta 4)yHKH,H5I HOflJie>KHT HaXO>K/],eHHIO H3 rpaHHHHblX yCJIOBHH (2.12) H 

(2.13). 

PemeHHe (3.1) mojkho npeflCTaBHTb b KjiaccHHecKOM BH/],e: 



00 



hi.,,,) = 1 /exp (-Elf»)!«+exp (-■^+Ax(,)aW,(,).. 

J \ T] J T] - [I ^ 1^ ^ 



(3.3) 

rfle ^+(/i) - 4)yHKH;H5i XsBHcaiifla, 

[0, ii<0 

OneBH/^HO, WTO pasjiojKeHne (3.3) aBTOMaTHnecKH y^OBjieTBopiieT rpa- 

HHHHOMy yCJIOBHK) (2.13) BflajIH OT CTeHKH. HoflCTaBHM pa3JI05KeHHe 

(3.3) B rpaHHHHoe ycjiOBne (2.12). ITojiynaeM oflHOCTopoHnee cnnryjiiip- 
Hoe HHTerpajibHoe ypaBnenne c nflpoM Komn 

GO 

1 f ria{r])dr] 



J V-fJ' 





-\-exp{/2^)X{li)a{ii)e+{ii) = 2Uo, /i > 0. (3.4) 
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BBe^eM BcnoMoraTejibHyio 4)yHKi],HK) 



1 >^M5)*7 (3 5) 

VTr J T]- Id 







^ji5i 3T0H 4)yHKii,HH BbinojiH5iK)Tra 4)opMyjibi Coxoii,Koro: 

iV+(/i) - iV"(/i) = 2^/7rz/ia(/i), > 0, 

iV+(/i) + iV-(/i) 



rfle 



oo 


riojibsysicb 4)opMyjiaMH CoxoLi;Koro flji5i BcnoMoraTejibHoii h /],ncnep- 

CHOHHOH 4)yHKII,HH, npHXOflHM K KpaeBOMy yCJIOBHK): 

A+(/i)[iV+(^) - 2Uo] - X-{fi)[N-{fi) - 2Uo] =0, /i > 0. (3.6) 

YpaBHeHHe (3.6) — sto KpaeBoe ycjiOBHe HeoflHopoflHoii KpaeBoii sa- 
flaHH PHMana — rHjib6epTa. 3Ta sa^a^a coctoht b OTbicKanHH TaKoft 
HeHSBecTHoii 4)yHKii,HH N{z)^ aHajiHTHHecKOH B/],ojib paspesaHHOH njioc- 
KOCTH nojio>KHTejibHOH nojiyocH, rpaHHHHbie snaMenw KOTopoii na 6epe- 
rax SToro paspesa y/],OBjieTBopHK)T KpaeBOMy ycjiOBHio (3.6). PaccMOT- 
pHM cooTBeTCTByiomyK) oflHopo;],HyK) KpaeByK) sa^a^y PHMana: 

X+(/i) = G(^)X"(/i), /i>0, (3.7) 

r^e 

^("^ ^ 

PemeHHe sa^aHH (3.7) 6bijio paccMOTpeno b [IB]. OTcyTCTBHe Hyjieii 
flHcnepcHOHHOH 4)yHKij,HH osHaHaeT, HTO npHpameHHe lnG{fi) na nojiy- 
ocH [0, +oo) paBHO HyjiK). riosTOMy pemeHHe sa^aHH o CKa^Ke (3.7) (npn 
k = 0) flaeTCH HHTerpajiOM THna Komn: 

X{z) = expV{z), (3.8) 
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rj\e V{z) noHHMaeTCH kek HHTerpaji THna Komn 

oo 


BepneMCii k pemeHHio Heo/];HopoflHoii safla^n (3.6), npeflBapHTejibHO 
npeo6pa30BaB c noMombio (3.8) ee k BH^y: 

X+iii)[N+{ii) - 2Uo\ - X-{ii)[N-{ii) - 2Uo\ =0, // > 0. (3.10) 

y^HTbiBaii noBefleHHe Bcex BxofliiinHx b KpaeBoe ycjiOBHe (3.10) 4)yHK- 
D;Hii B KOMnjieKCHoii njiocKOCTn h b 6ecK0HeHH0 yflajieHHoft TOHKe nojiy- 
HaeM o6iii;ee pemeHne 

X{z)[N{z)-2Uo\ = C, (3.11) 

r^e C - npoH3BOjibHa5i nocTOHHHaa. 

CorjiacHO (3.11) ncKOMaii (^yHKu^nsi HMeex bh^ 

Niz) = 2Uo + j^. (3.12) 

noTpe6yeM, MTo6bi npaBaa ^acTb (3.12) 6bijia Hc^esaiomeii d^yHKu^n- 
eft B 6ecK0HeHH0 yflajieHHoft TO^Ke. PasjiojKHM 1/X{z) b pa^ Jlopana b 
OKpecTHOCTH 6ecK0HeHH0 yflajieHHOH tomkh 2 = 00 

_L_ = exp ( - Viz)) = 1 - ^ + . . . , (3.13) 

rfle 

00 

y^ = -^^j ^^G{fi)dfi. (3.14) 


TaKHM o6pa30M, j\ji5i Toro HTo6bi npaBaa ^acTb paBencTBa (3.12) b 
6ecK0HeHH0 yflajienHoii TO^Ke nMejia acHMnTOTHnecKoe noBefleHne, KaK 
l/z, Heo6xoflHMO Ha nocTOHHHyio C najiojKHTb ycjiOBne C = —2Uq. Te- 
nepb BcnoMoraTejibHaa 4)yHKi],H5i N[z) nocTpoena o^HOSHaHHO h HMeeT 

BHfl 

N{z)=2U,[l-^]. (3.15) 
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McKOMbiH HeHSBecTHbiH K034)(|)Hi],HeHT HenpepbiBHoro cneKTpa c no- 
MombK) (3.9) Haxo/],HTC5i H3 (JiopMyjibi Coxoii,Koro: 



1 1 

2-v/7rz77a(?7) = —2Uo 



= ATT 

XHl) X-{rj)} ' X{rj) 



rfle 

. lnG(/i) 
Qil) = 2 " 



2Uosm q{r]) 

= r- ^ • 3.16 

Vtt t]X{t]) 



CjieflOBaTejibHO, 



OopMyjia (3.16) p^aeT npe^CTaBjieHHe b hbhom BH^e K034)(|)Hii,HeHTa 
HenpepbiBHoro cneKTpa. 

Ha 3T0M STane /],0Ka3aTejibCTB0 pasjiojKeHHH (3.1) (hjih (3.2)) saKOH- 
neno. 

C noMOinbK) 4)opMyjibi (3.16) npeflCTaBHM pa3Jio>KeHHe (3.3) b 5ibhom 
BHfle: 

oo 

hix\^ u) If ( x\Zq\^, .smq(r]) 

= — eXp \rf.l^ ..\ 



HJIH 



oo 



h{xi,ii) If / xiZq\ smq(r])dr] 
-^^ = ^J '""Pi" V^X(t/)(t/-^ 



77 J X{r]){r] - fi) 


--(-t'-^^O^I^^^w- (-^) 

PaBGHCTBO (3.17) osnanaeT, hto HCKOMasi 4)yHKn,H5i pacnpeflejieHHsi ho- 
CTpoena b 5ibhom BH^e hojihoctbio, hto h saKan^HBaeT anajiHTHHecKoe 
pemeHHe sa^anH. 

/l^aHHaH sa^ana c 6ojiee o6m,HMH 3epKajibHO-flH4)4)y3HbiMH rpannH- 
HbiMH ycjiOBHHMH MO>KeT 6biTb peniGHa MeTO/],OM, pasBHTbiM B pa6oTax 

mi H [12]. 
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5 AnajiHTHHecKoe pemeHHe rpaHHHHoii sa^ann. 
Hh^gkc 3a^aHH paBen e^HHHij,e 

CocTaBHM o6inee pemeHHe ypaBHenHsi (2.11) b BH^e cyMMbi nacTHO- 
ro (flHCKpeTHoro) pemeHH5i, ySbiBaiomero B^ajiH ot CTeHKH, h HHTerpa- 
jia no nenpepbiBHOMy cneKTpy ot co6cTBeHHbix pemenHH, OTBenaiomnx 
nenpepbiBHOMy cncKxpy: 

h{xi,ii) = —=r- -exp 1 + 

y/7r{r]o-ii) V rjo / 

00 

+ J exp ^ — ^^^—^^^(j],iJ.)a{T])dr]. (4.1) 



Sflecb ao - neHSBecTHbiii nocTOHHHbm K094)45HD;HeHT, nasbiBaeMbm ko- 
94)(J)HD;HeHTOM flHCKpeTHoro cneKTpa, a{r)) - HensBecTHaii 4)yHKLi;H5i, na- 
3biBaeMa5i K094)(J)HLi;HeHTOM nenpepbiBHoro cneKTpa, $(77, /i) - co6cTBen- 
Hbie 4)yHKu;Hn xapaKTepncTHHecKoro ypaBnennii, 0TBeHaK)nj;He nenpe- 
pbiBHOMy cneKTpy n eflnnnHHon nopivinpoBKe. 

Pasjio^Kcnne (4.1) mo^kho npe^CTaBHTb b hbhom bh^c: 

h[xi,fi) = rcxp + 

a/tt ?7n - U) V r?n / 



00 



Xi 

+ / exp ( zq 







T] 



-.r]P 1- exp (77^) A (77)^(77-/1) a{r])dr]. (4.2) 



^/7^ r]-n 



OyHKn;n5i a(r]) no/],jie>KHT naxojKflennio ns rpannnnbix ycjiOBnii (2.12) 
H (2.13). 

PasjiojKcnne (4.2) mo^kho npe^CTaBHTb b KjiaccnnecKOM bh^c: 
h{xi,iJ,) = -exp + 

a/tt 77n — U) V 7?n / 



00 



/ expl + exp( + // A(//)a(//)^+(//), 





(4.3) 
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r^e 0+{fi) - 4)yHKi],H5i XsBHcaiifla, 



0, 



^ > 0, 
^ < 



OHeBHflHO, HTO pa3Jio>KeHHe (4.3) aBTOMaTHHecKH yflOBjieTBop^^eT rpa- 

HHHHOMy yCJIOBHK) (2.13) BflajIH OT CTeHKH. rioflCTaBHM pa3Jio>KeHHe 
(4.3) B rpaHHHHoe ycjiOBHe (2.12). IIojiyHaeM oflHOCTopoHHee CHHryji5ip- 
Hoe HHTerpajibHoe ypaBneHHe c iippoM KoniH 



oo 



+ 



1 



r]a{r])dr] 





+ exp(/i^)A(/i)a(/i)^+(/i) = 2L/o, /i > 0. 



BBe/],eM BcnoMoraTejibHyK) d^ymaiyao 



oo 



N{z] 



ri-n 



(4.4) 



(4.5) 



Hojibsysicb 4)opMyjiaMH Coxoi],Koro ^jih BcnoMoraTejibHoft h flHcnep- 
CHOHHOH (|)yHKn,HH, OT ypaBHeHHH (4.4) npHxo;],HM K KpaeBOMy ycjiOBHK): 



A+(^) 



N+{fi)-2Uo + 



r/oao 



v^(r/o - A^) 



= A-(/i) 



iV-(^)-2[/o + 



r/oao 



= 0, /i > 0. 



(4.6) 



PaccMOTpHM cooTBeTCTByiomyK) oflHopoflHyK) KpaeByK) sa^a^y Ph- 
Mana: 



X+(/i) = G(^)X"(^), ^ > 0, 



rfle 



G(/i) 



A+(/i) 
A-(/i)' 



PemeHHe sa^ann PHMana 6bijio paccMOTpeno b [TS]. HajiHHHe ny- 
jieft flHcnepcHOHHoii 4)yHKii,HH osnaHaeT, hto npHpaineHHe lnG(/i) na 
nojiyocH [0, +oo) paBHO 27r. IIosTOMy pemeHne sa^aHH PHMana flaeTC5i 
HHTerpajiOM rana Kohih: 



X(z) = -expV{z), 



(4.7) 
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rj\e V{z) noHHMaeTCH kek HHTerpaji THna Komn 

[InG(r) -27ri](ir 



oo 



T — Z 



(4.8) 



BepneMCii k pemeHHio Heo;];HopoflHOH sa^a^n (4.6), npeflBapnTejibHO 
npeo6pa30BaB c noMOinbio (4.7) ee k BH^y: 



X+(/.) 



7V+(//) - 2[/o + 



v^(^o - m) 



-X-(/i) 



iV-(/i)-2[/o + 



= 0, /i > 0. 



(4.9) 



V7r(ryo-//). 

y^HTbiBaii noBefleHHe Bcex BxofliiinHx b KpaeBoe ycjiOBne (4.9) 4)yHK- 
D;Hii B KOMnjieKCHoii njiocKOCTH h b 6ecK0He^H0 y^ajieHHoft TOHKe nojiy- 

HaeM o6mee pemeHHe 

C 



Xiz) 



Niz) - 2Uo + 



r/oao 



rj\e C - npoHSBOJibHaii nocTOiiHHaii. 

CorjiacHO (4.10) ncKOMaa 4)yHKi],H5i HMeex bh^ 

770^0 C 



(4.10) 



N{z) = 2Uq + 



+ 



^/7^{z-r]o) X{z){z-r]o)' 
Hojiioc B TO^KG z = rjQ y pemenHii (4.11) ycTpaHHM ycjiOBHGM 

C ^mao^^^ 



(4.11) 



-^(^o) 

OTKyfla HaXOflHM CBHSB K094)4)HLi;HeHTOB C H ttQ'. 

C = -^X{t]q). 



(4.12) 



noTpe6yeM, HTo6bi upa.Ba.5i HacTb (4.12) 6bijia HCHesaiomeH 4)yHKLi,H- 
eft B 6ecK0HeHH0 yflajieHHoi! TOHxe. Ha stom nyTH nojiynaeM: 

C = -2Uq. 

CjieflOBaTejibHO, H3 ycjiOBHii (4.12) HaxoflHM: 

1 



ao = 2\J{)\pn- 



= 2C/oV^exp(-y(77o)). 



(4.13) 
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C noMOinbK) K034)4)HLi,HeHTOB C H ag, onpeflejiHeMbix paBencTBaMH 
(4.12) H (4.13), npeo6pa3yeM pemenHe (4.11) k cjie/],yK)ii],eMy BH^y: 

N{z) = 2Uo + --^ . - (4.14) 

^{m){z-r]o) X{z){z-zq) 

HcKOMbiH HensBecTHbiH K034)(|)Hn,HeHT HenpepbiBHoro cneKTpa c no- 
MombK) (4.14) HaxoflHTCH H3 4)opMyjibi Coxoii,Koro: 



2f/o 



r^e 



1 1 



XHv) X-(r/)J ^ X(r/)(r/-r/o)' 



q{rj)^ie{rj)^-'-{lnG{fi)-2m). 



2Uo sin q{r]) 



Cjie^OBaTejibHO, 



OopMyjia (4.15) ^aeT npe/],CTaBjieHHe b hbhom Bnpfi K034)4)Hi],HeHTa 
nenpepbiBHoro cneKTpa. 

Ha 3T0M 3Tane ^OKasaTejibCTBO pasjiojKenna (4.1) (njin (4.2)) saKon- 
neno. 

C noMom;bK) (|)opMyjibi (4.15) mpeppTaBUM pa3Jio>Kenne (4.3) b HBnoM 
BH^e: 

h{xi,ii) 1 / xiZq\ 

exp + 

^[lo)[lo-f^) 

oo 



2Uo X{r]o){r]o- Id) V r/o 

oo 

If ( x\Zq\ smq{r])dr] 



+i / ex ( - 
TT J V T] J X{r]){r] - r]o){r] - ii) ' 



/ xizo 2\ A(/i)sing(/i) 

PaBencTBO (4.16) osnanaeT, hto ncKOMaa 4)ynKn,H5i pacnpe;],ejieHHH no- 
CTpoena b sibhom Bnp^e nojinocTbio, hto n saxannnBaeT anajinranecKoe 
pemenne sa^ann. 

^annasi sa^ana c 6ojiee o6m;HMH sepKajibno-flncJxI^ysHbiMH rpannn- 
HbiMn ycjiOBn^MH MO>KeT 6biTb pemena MeTOflOM, pasBHTbiM b paGoTax 
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6 CKopocTb pa3pe:»ceHHoro rasa b 
nojiynpocTpancTBe h Henocpe^CTBGHHO y 
KOjie6jiioiii,eHC5i njiocKOCTH 

HaHHeM CO cjiynaH, Kor^a HHfleKC sap^a^n paBen nyjiio. B stom cjiynae 
nacTOTa KOJieGaHHH njiacTHHbi ui E (a;]", +00). 

B n. 2 6bijio HaiifleHO BbipajKeHne (2.10) ^jih SespasMepHoii Mac- 
coBOH CKopocTH. YnpocTHM 3T0 Bbipa>KeHHe. Bocnojib3yeMC5i pa3Jio>Ke- 
HHeM (3.1). IIoflCTaBHM (3.1) B (2.10) H noMeH5ieM nop^flOK HHTerpn- 
poBaHH5i. 3aTeM, Hcnojibsysi HopMHpoBOHHoe cooTHomeHHe 71(77) = 
npHxo/],HM K paBeHCTBy: 

Uy{xi,ti) = je-^'^i^^zo y"exp ( - ^2:o)a(r/)(ir/|. (5.1) 



Tenepb BOcnojib3yeMC5i 4)opMyjiOH (3.13) flji5i K034)4)Hi],HeHTa nenpe- 
pbiBHoro cneKTpa. B pesyjibTaxe nojiyHHM, hto MaccoBaa CKopocTb rasa 
B nojiynpocTpancTBe paBHa: 

00 

U„{.„t,) = ^Re {e--"z„ J exp ( - ^z„)^g^d^}. (5.2) 



BbiHHCJiHM SHaHeHHe MaccoBOH CKopocTH Henocpe^CTBeHHO b6jih3h y 
CTeHKH. Hs 4)opMyjibi (5.2) nojiynaeM, hto 



oo 



C/,(0,tO = ^Re{e-'..o/gJ<i.}. (5.3) 



fl^jiii BbiHHCjieHHe HHTerpajia hs (5.3) BOcnojibsyeMCsi HHTerpajibHbiM 
npeflCTaBjieHHeM (cm. |18|): 



00 



X{z) ttJ X{rj){rj-z) 

Hs (5.4) BHflHO, HTO 







I ^ 1 /" sin q{r])dr] 



X{0) TT 7 7/X(7/) 
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OTCKDfla HaXOflHM, HTO 

oo 

1 f sin q{r])dr] 



TT y rjX{rj) X(0) 



= 1-V77;V (5-5) 



[/,(0,ti) = UoRe |e— ^^^zo(l - (5-6) 



CjieflOBaTejibHO, MaccoBa5i CKopocTb b nojiynpocTpancTBe BbiHHCJi5i- 
GTCfl no 4)opMyjie: 

X(0). 

JJ^Jl5l HaX0>KfleHH5I BejIHHHHbl 4)aKTOpH3yK)meH 4)yHKI],HH B Hyjie BOC- 

nojib3yeMC5i Tenepb (|)opMyjiOH 4)aKTopH3ai],HH ;],HcnepcHOHHOH cJ^yHK- 
i],HH [18] : 

X{z) = XooX{z)X{-z), (5.7) 

rfle 

Aoo = A(oo) = —iui. 
SaivieHaa, hto A(0) = 1 — icoi, hs (5.7) Haxo^HM: 

X (U) = — = : = IH = = , 

OTKy/];a 

X(0) = ./TT^ = = ,/^. (5.8) 



CjieflOBaTejibHO, corjiacHO (5.6)-(5.8) Haxo^HM snaHeHHe aivinjiHTyflbi 
CKopocTH rasa y CTeHKH: 



Uy{0,h) = UoRe |e--^^^(l - zio,) '^^^^^tL_f ^] . (5.9) 

SnaHeHHe pasMepnoH CKopocTH HenocpeflCTBGHHO y CTeHKH ^aeTCH 
Bbipa>KeHHeM: 



Uy{0, t) = vtUq Re <^ e-'^^^iy - iu, 



0603HaHHM 



W = [1 — lUJi) — = [ij — luj) ^ — (5.10) 
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H nepennmeM (5.9) b Biij\e 

Uy{0, h) = Uo Re {e-'^'''W{uji)}, (5.9') 
OTKyfla, nojiaraa, hto W = {Wle^'^, sanmneM 

t/,(0, h) = Uo\W\ cosiujih - ^), (5.100 

HJIH, B paSMepHOM BHfle 

Uy{0,ti) = VTUo\W\cos{ujt - if), (5.10") 

rfle - 6e3pa3MepHa5i aMnjiHTy^a CKopocTH rasa (cm. pnc. 1), a. ip = 
aigW - cflBHr 4)a3bi CKopocTH (cm. pHC. 2). 

Tenepb paccMOxpHM cjiy^aft, Kor^a M.B.j\eKC sa^a^n paBCH eflHHHD;e, 
T.e. Kor/],a napaMCTp coi E [O^ul). rioflCTaBHM pemeHne (4.1) b (|)op- 
Myjiy (2.10) fljiH CKopocTH rasa. B pesyjibTaTC nojiynacM cjie^yK)n],ee 
BbipajKCHHe 



/ xizo . \ 
exp luiti 

V ?7n /I 



oo „ 

Uy{xi,ti) = ^Re <^ y= / 



— oo 



°?exp(- ^) sin 5(77) dry ^ 



—00 



SaMCTHM, HTO H3 ypaBHCHHii = BbiTCKacT cjieflyionj;ee paBCH- 

CTBO 



a/ 



—00 

a yCJIOBHC HOpMHpOBKH Co6cTBeHHbIX 4)yHKLl,HH flaCT BbipaJKCHHe 



00 



-00 



C noMonj;bK) flByx nocjieflHHx paBCHCTB BbipajKenne CKopocTH rasa 
ynponj;aeTC5i: 



e-^iV% 1 /■ e-'^i^"/'?sing(r/)d7/) 

770^(770) ttJ r}X{r}){r} - 7)0) 


(5.11) 
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9Ta 4)opMyjia ^aeT Bbipa>KeHHe flji5i CKopocTH rasa na/i, KOJie6jiio- 
meftcsi noBepxHOCTbK) b nojiynpocTpancTBe xi > 0. CorjiacHO (5.11) 
npH xi = HaH/],eM CKopocTb rasa nenocpeflCTBeHHO y CTeHKH: 



1 



sin q{r])dr]) 
T/oX(r/o) ' TV J r/X(T/)(r/ - r/o) 



1 

+ - 



(5.12) 

fl^jiii BbiHHCJieHHH HHTerpajia hs (5.12) BOcnojibsyeMC5i HHTerpajib- 
HbiM npeflCTaBjieHHeM 



oo 



sin q{r])dT] 



X(z] 



IT J X{r]){r]-z)' 



Vi = 



1 



oo 



[lnG(r)-27rz]dr, 



H pasjio>KeHHeM na sjieMeHTapnbie flpo6H 

1 1/1 



1 



Tenepb stot HHTerpaji paben: 



1 f sin q{r])dr]) 1 
TT J r]X{r]){r] - r/o) m 



= -1 + 



sin q{r])dr]) 
X{r]){r] - t]q) 



sin q{r])dr]) 
T]X{r]) 



1 



1 



mx{m) mx{0) 

C noMoni,bK) SToro paBencTba Bbipa>KeHHe flji5i CKopocTH rasa Heno- 
cpeflCTbeHHO y CTeHKH ynpon],aeTC5i: 



Uy{0,ti) = UoRe 



'iujiti 



mX{o)J 



(5.13) 



^jiH BbiHHCJieHHH bejiHHHHbi X(0) HS (5.13) BOcnojibsyeMC5i 4)opMy- 
jiOH 4)aKTopHsan,HH flHcnepcHOHHOH 4)yHKri,HH: 



X{z) = iui{z^-rjl)X{z)X{-z), 

KOTopaj5 6bijia flOKasana b [18]. 

Hs 4)opMyjibi (5.14) npH z = Haxo/],HM, hto 



(5.14) 



A(0) = -iuir]lX^{0) 
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OTKy^a, yHHTbiBa5i, hto A(0) = zq^ nojiyHaeM: 



CjieflOBaTejibHO, corjiacHO (5.13) GespasMepHoii CKopocTH rasa 
nojiyHaeM 

Uy{0,ti) = Uo\W\cos{uiti - if), 



r^e 



W = zo + (l-i). 



IUiZq 



(5.15) 



- aMnjiHTyfla CKopocTH, a. (p = argVF - c^BHr 4)a3bi CKopocTH. 
MxaK, Bbipa>KeHHe p^jiii pasMepnoH CKopocTH npn Majibix ^acTOTax 
HenocpeflCTBGHHO y CTeHKH TaKOBo: 



7T 

'i — 



zo l + J--e 4 



HJIH 



IujiZq- 



2 ) 



(5.16) 



OTMeTHM, HTO npH Majibix UJl ijq ~ i/2ijj\. CjieflOBaTejibHO, 



X(0) = v^=y2(r 



7 O rH^po^HHaMHHecKOM xapaKTepe pemeHHH 

B 3T0M n. noKa>KeM, hto npn Majibix ui pemeHne (5.11) nepexo;:;HT 
B pemeHHe, npHBe^eHHoe b |26| : 

v = woe-^/V(^/'^-^*). (6.1) 

3/],ecb 



UJ 
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PhC. 1. SaBHCHMOCTt. BejIHHHHbl CKOpOCTH ra3a HenOCpeflCTBeHHO y CTeHKH OT 

HacTOTL.1 KOjie6aHHH orpaHHHHBaiomeH raa njiocKOCTH. Bxa saBHCHMOcxb npn 
^ uji ^ cul nocTpoena no 4)opMyjie (5.13), a npn cu ^ cul - uo 4)opMyjie (5.10) 



- KHHeMaTH^ecKaii bhskoctb rasa. 

OopMyjia (6.1) BbiBeflena p^ji^i cjiynafl cnjiomnoH cpeflbi b cjiynae, 
Kor^a orpaHHHHBaiomasi cpe^y njiocKOCTb coBepmaeT rapMOHHHecKHe 
KOJie6aHH5i no saKony Us{t) = Uoe~'^'^^. Hpn xaKOM saKone K0Jie6aHHH 
njiocKOCTH B Hameft saflane mbi npuxop^nu k 4)opMyjie (5.11), b KOTopoft 
OT6pomeHa onepaLi;n5i Re — onepaLi;H5i bshthh fleiiCTBHTejibHoii ^acTH: 



g-a;izo/% 1 /■ e-^i^o/^sing(7])(ir;) 
f]oX{rjo) TT J 'nX{ri)[r] - r]o) 





(6.2) 



ripH Majibix ui Hyjib flHcnepcHOHHOH 4)yHKii,HH ?7o — > oo, cjieflOBa- 
TejibHO, HHTerpaji no nenpepbmnoMy cneKxpy 5iBji5ieTC5i ncnesaion^e Ma- 
jibiM. ^ajiee saivieTHM, hto 

a npn 6ojibmHx snaHennH |7yo| nnTerpaji V{r]o) nc^esaeT npn Majibix uJi. 
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Phc. 2. SaBHCHMOCTb BejiHHHHM cflBHra 4)a3bi CKopocTH rasa nenocpeflCTBeHHO y 

CTCHKH OT HacTOTbi KOjie6aHHii orpaHHHHBaiomeH raa hjiockocth. 3Ta saBHCHMOCTb 
npH ^ uji ^ cul nocTpoena no 4)opMyjie (5.15), a npn cu ^ cul - uo (J)opMyjie 

(5.10). 



SnaHHT, npH cJi — >• fljiii CKopocTH rasa nojiy^aeM Bbipa>KeHHe 

Uyixi, h) = ^zoe-*^i'ie-^^/'?°. (6.3) 

Sflecb uJiti = u)t^ Xi = x/l,l = r/v^- Hpn Majibix cji fljia nyjiii 
flHcnepcHOHHoii 4)yHKLi;HH cnpaBefljiHBO npeflCTaBJieHHe 

1+i 



CjieflOBaTejibHO, BbipajKenne (6.3) npeoSpasyeTca flajiee cjieflyiomHM 
o6pa30M: 

r 

SaMe^afl, hto — = 2z//(;, ^ajiee nojiy^aeM: 

1 v^2v^ 1-i 1-i 1-i 



/770 t(1 + i) 



u(5 
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9to osHa^aeT, hto 



Uy{x, t) = uqc e 



iLut —(l—i)x 1 5 



HTO B TOHHOCTH coBna^aeT c Bbipa>KeHHeM (24,5) hs [26]. 



8 Cnjia TpeHHa, /],eHCTByiOLLi,a5i co CTopoHbi rasa na 
KOjieSjiiomyioca rpaHHLi,y, h ^HCCHnaii,H5i sneprHH 

Cnjia TpeHH5i, npHxo/],5iina5iC5i na ejxymwny^ njiomaflH, fleiicTByioinasi 
CO CTopoHbi rasa na njiacTHHy, BbiHHCji5ieTC5i no 4)opMyjie 



x=Q 



x^O 



(6.i; 



OyHKij,HH pacnpe^ejieHHa nocTpoena b npeflbi^ymnx n.n. h HMeeT 
BHfl: 

/ = fM{C) [l + Cy Re {e-'^'^'^hixi, C,)} . 

Tenepb KOMnoneHTa Tensopa bhskhx Hanp5i>KeHHH BbiHHCJi5ieTC5i no 
4)opMyjie: 

mn 



771 71 I 

PxyixiM) = eM-C^)CxClRe 



Hjin, nocjie nnTerpnpoBanna no Cy vl Cz-, 



00 



Pxy{xi, ti) — 



mn 



2/3 



e-^" Re 



dfi. 



rfle 4)ynKn,n5i /^(xi, /i) onpeflejiHeTC5i paBencTBOM (3.1) b cjiynae nyjieBO- 
ro nnflCKca sa^ann, n pasjio^Kenneivi (4.1) b cjiynae e^nnnnnoro nn^eKca. 
SaMenaa, hto 



mn 



= nkT = 



nepennmeM npeflbi;],yu],yK) 4)opMyjiy b BH/],e 



oo 



Pxyi^li 



e~*'^i*i/i/i(a:i,/i) 



d/d. (6.2) 



-oo 
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Ha^neM co cjiynaii, Kor^a HH^eKC sa^a^H paseH nyjiio. B 9tom cjiy^ae 
nacTOTa K0Jie6aHHH njiacTHHbi ui G (a;*, +00). 

IloflCTaBjiHfl pasjiOiKeHHe (3.1) b (6.2), nojiynaeM: 



00 00 



—00 



(6.3) 

0603HaHHM 

00 



— 00 



9Ty BejiHMHHy BbmncjiHM, Hcnojibsyii xapaKTepHCTH^ecKoe ypaBHe- 
HHe. Ymho^khm xapaKTepHCTH^ecKoe ypaBHenne na exp(— //^) h npoHH- 
TerpHpyeM no fi. ITojiyMaeM ypaBHenne 

j]Zon{j]) — ni{j]) = rin{r]), 

OTKyfla 

^i(^) = —icoiT]^ h6o n{r]) = 1. 

CorjiacHO (6.3) KOMnoneHTa Tensopa bhskhx HanpajKeHHi! paBna 

00 

Pxyix,,ti) = -;^Re l^e-'^'^'HuJi J e-^^^«/V(^)^i^}- (6-4) 



TaKHM o6pa30M, CHjia, npnxofl5iiii;a5iC5i na ejinwu^y njiomaflH njiacTH- 
Hbi, paBHa 

00 

Fsih) = P.,,(0,ti) = -;^Re i^e-'^^'Hui J 77a(77)d7y|. 



3/],ecb p = n/cT - BejiHHHHa j\a.BjienK5i b rase. 

riojibsyflCb 4)opMyjiOH (4.15) fljia K094)4)Hij,HeHTa nenpepbiBHoro cneK- 
Tpa, OKOH^aTejibHO nojiynaeM 4)opMyjiy j\ji5i BbmncjieHHii chjim, fleii- 
CTByiomeii na eflHHHD;y njiomaflH KOJie6jiioiii;eiiC5i njiacTUHbi, orpannHH- 
Baiomeii ras: 

00 

„ ,, ^pUq tj / -ia,it, . / smq{r])dr] \ 
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Ms paccyjKfleHHH n. 4 cjiej\yeT^ mto 

oo 

1 f sin q{r])dr] 



TT J X{r)) 





= -V^ 



00 



2m 



In G{ri)dri. 



OKOHHaTCJibHO, Bbipa:aceHHe ^jih chjibi TaKOBo: 

= 2pUquji Re {ie-^'^i^^Fi}. (6.5) 

Bbifleji5i5i fleiicTBHTejibHyK) nacTb b Bbipa>KeHHH (6.5), nojiynaeM: 

Fsiti) = 2pUouJi\Vi\sm{ujiti - if), (6.6) 

rfle (p - cflBHr 4)a3bi, ip = argVi. 

BejiHMHHa cflBHra 4)a3bi MO^Kex 6biTb onpeflejiena h3 cooTHomeHHii 



simp 



Im Vi 



COS 



Re Vi 



(6.7) 



Tenepb paccMoxpHM cjiyHaii, Kor/],a HH^eKC sa^aHH paben eflHHHi],e, 
T.e. Korfla napaMCTp cJi G [0,6j]'). 

BocnojibsyeMCH 4)opMyjiOH (4.1) fljiH 4)yHKD;HH /i(xi,ti). HojiyHaeM, 



oo 



P 

0r 



T]oaoe 



-xiZo/r]o 



+ 



00 



HJIH, 



Pxyixi.h) = ^Re ^ e 



-iujiti 



r]oaoe 



-XiZq/t]o 



1 /* e yUfiyU- 



J fj'-'no 



-00 



oo 



oo 



— OO 



(6.8) 
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BbiHHCJiHM flBa HHTerpajia h3 (6.8). riepBbiH HHTerpaji BbiHHCJi5ieTC5i 
Ha ocHOBaHHH onpe/],ejieHH5i nyjia ^HcnepcHOHHOH 4)yHKi],HH: A(7yo) = 0. 
OTCiofla cjie^yeT, hto 



00 



1 f e ^ fidfi 



J i^-m 



= Ao(r/o) = i^i- 



B noBTopHOM HHTerpajie h3 (6.8) noMenaeM MecTaMH nop5iflOK HHTe- 
rpHpoBaHH5i H BbiHHCjiHM BHyTpeHHHH HHTerpaji: 

oo 

J /i^('^, lj)dii = ni(/i) = —iuiTj. 

— oo 

C noMOinbK) AByx nocjieflHHx paBeHCTB Bbipa>KeHHe (6.8) ynpoinaeTC5i: 



00 



Pxy{xi,ti) = -^Re 



-iujiti 



-xizo/rjo 



+ e 



-XiZq/t] 



r]a{r]) 



Tenepb BOcnojibsyeMCsi Bbipa>KeHH5iMH jiJiii K034)(|)Hii,HeHTOB ^HCKpeT- 
Horo H HenpepbiBHoro cneKTpoB. B pesyjibTaTe nojiyHaeM cjie^yiomee 
Bbipa>KeHHe: 



Pxy{xi,ti) = -2UQpiOiRe 



-iuJiti 



^(^o) X{rj){rj-rjo) 



(6.9) 

Ha ocHOBaHHH (6.9) naxoflHM SHaneHHe Tensopa bhskhx Hanp5i>KeHHH 
Ha rpaHHii,e nojiynpocTpancTBa: 



1 _^ 1 /" sin q{r])dr] 



X{r]o) 7T J X{r]){r] - r]o) 



Bocnojib3yeMC5i HHTerpajibHbiM npe^CTaBjieHHeM h3 

oo 

1 f sin q{r])dr] 1 



7T J X{r]){r]-r]o) X(r/o 



+ m-Vi. 
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CO. 



PhC. 3. SaBHCHMOCTb BejIHHHHM aMnjIHTyflbl CHJIM TpeHHfl OT HaCTOTM KOJieSaHHH 

orpaHHHHBaiomeH raa hjiockocth. 3Ta saBHCHMOCTt nocTpoena no 4)opMyjie 

(6.10a). 




CO. 



Phc. 4. SaBHCHMOCTb cflBHra (|)a3t>i chjibi Tpenna ot nacTOTbi KOJieSanHii 
orpaHHHHBaioiii,eH raa hjiockocth. Bra saBHCHMOCTb nocTpoena no 4)opMyjie 

(6.10b). 
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OTCiOfla nojiyHaeM, hto 

P.y{0^h) = -2Uopui Re {e''^''Hir]o - V^)}. 

B pesyjibTaTG nojiyHaeivi, hto na rpaHHii,e nojiynpocTpaHCTsa CHjia 
TpeHH5i rasa, fleiicTByioinaH na rpaHHi],y, paBHa: 

F.(^i) = P.,(0,ti) = Re(Foe-^^^*0, (6-10) 

r^e 

Fo = -2Uopuji[i{r]o-Vi)]. 

rpa4)HK aMnjiHTyflbi chjibi TpeHHH (cm. (pnc. 3)) nocTpoHM no 4)op- 

Myjie 

^^l^'l""-,^'!; (6.10a) 

a rpa4)HK c^BHra 4)a3bi (cm. (pnc. 4)) chjibi TpeHH5i - no 4)opMyjie 

^ ^ I arg[z(r/o - Vi)] - tt, ^ ^ w^, ^^^^^^^ 

TT 

Hs pnc. 4 bh;];ho, hto (/^(O) = — — , hto corjiacycTca c (JjopMyjion 



(24,6) H3 

PaccMOTpHM Bonpoc o /],nccHnan,HH aneprnn KOJie6jnoni,eHCH njiacTn- 
nbi. PaccMOTpHM MOU],HOCTb /],nccnnan,HH sneprnn, T.e. BCJinnnny ^nccn- 
nau,Hn sneprnn b e/],HnHn,y BpcMenn, npHxo/],5ini,yK)C5i na eflHnHn,y njio- 
ni,a/],H KOJie6jiioni,eHC5i njiacTnnbi. Corjiacno [25] ycpe/],nenna5i no BpcMC- 
nn Moni,nocTb /],HCCHnan,nn sneprnn BbinHCji5ieTC5i no 4)opMyjie 

W = \Re (^0^0 ) = ^ ^0 • (6.11) 

B 4)opMyjie (6.11) SBCSflonKa (*) osnanacT KOMnjiCKcnoe conp5i>Ke- 
nne. 

PaccMOTpHM cjiynan nyjiCBoro nn^CKca sa^ann, T.e. uj\ > Tor^a 
BejiHHHHa Fo onpe^ejiaeTCsi Bbipa^KenneM 

Fo = 2vU^u^{iV^). (6.12) 
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PhC. 5. SaBHCHMOCTb BejIHHHHM M0II];H0CTH flHCCHnaiI,HH SHeprHH OT HaCTOTM 

KOJieSaHHH orpaHHHHBaioiii,eH raa hjiockocth. 3Ta saBHCHMOCTb npn ^ ui ^ ool 
nocTpoena no 4)opMyjie (6.13), a npn uj ^ oul - uo 4)opMyjie (6.14), Wq — U^p/ ^/^. 



Hs 4)opMyji (6.11) H (6.12) BbiTexaeT, hto MOii],HOCTb flHCCHnai],HH 
3HeprHH Ha eflHHHij,y njiomaflH njiacTHHbi pasHa: 

(6.13) 



Tenepb paccMOTpnM cjiynaii, Kor^a HH^eKC 3a;];aHH paBen eflHHHLi;e, 
T.e. cJi E [OjCJi). B 9T0M cjiynae corjiacHO npe;];biflymeMy HMeeM: 



W = Ul^ui Re 



*(Vi - ryo) 



12. SaKjiioHeHHe 



(6.14) 



B HacTOHinefi pa6oTe c(|)opMyjiHpoBaHa h pemena anajiHTHHecKH BTopaa 
sa^ana CTOKca — sa^a^a o noBefleHHH pa3pe>KeHHoro rasa, saHHMaioine- 
ro nojiynpocTpancTBO na/]; CTeHKoii, coBepmaiomeH rapMOHHHecKHe ko- 
jie6aHH5i. PaccMaTpuBaiOTCii flHcJ^cJ^ysHbie rpanH^Hbie ycjiOBHii. Hcnojib- 
syeTCii jiHHeapHSOBaHHoe KHHeTH^ecKoe ypaBnenHe, nojiy^eHHoe b pe- 
syjibTaxe jiHHeapH3aD;nn MOflejibHoro KHHeTH^ecKoro ypaBnenHii Bojibd;- 
Mana b pejiaKcaD;HOHHOM npH6jiH5KeHHH. 
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Ha ocHOBG anajiHTHHecKoro pemeHHH nafifleHa CKopocTb pa3pe>KeH- 
Horo rasa b nojiynpocTpancTBe h nenocpeflCTBeHHO y CTeHKH. Otbickh- 
BaeTCH TaK>Ke CHjia TpenHH, fleficTByiomasi co CTopoHbi rasa na njiacTH- 
Hy, H Moni,HOCTb flHCCHnan,HH sneprHH njiacTHHbi. 
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